
LUNAR FIELD WORK AND EVA PLANNINGLUNAR FIELD WORK AND EVA PLANNING
BASED ON SCIENCE RATIONALEBASED ON SCIENCE RATIONALE

J.E. Bleacher, M.A. Helper, C.R. Neal,J.E. Bleacher, M.A. Helper, C.R. Neal,
G.R. Osinski, M.S. Robinson, C.K. Shearer,G.R. Osinski, M.S. Robinson, C.K. Shearer,

A.W. Snoke, and P.D. SpudisA.W. Snoke, and P.D. Spudis



INTRODUCTIONINTRODUCTION

•• Lunar Surface Systems Project (LSSP) of ConstellationLunar Surface Systems Project (LSSP) of Constellation
Program Office (Program Office (CxCx))
–– Designs for lunar surface systems supporting future humanDesigns for lunar surface systems supporting future human

missionsmissions
–– Establish diverse engineering teams and working groupsEstablish diverse engineering teams and working groups
–– Develop surface scenarios to set operational contextDevelop surface scenarios to set operational context

•• Optimizing Science & Exploration Working GroupOptimizing Science & Exploration Working Group
(OSEWG) at HQ(OSEWG) at HQ
–– Creating science based surface scenariosCreating science based surface scenarios
–– Reference for engineering trade studiesReference for engineering trade studies



INTRODUCTIONINTRODUCTION

•• OSEWG Surface Scenarios Working Group examining 3OSEWG Surface Scenarios Working Group examining 3
options:options:
1)1)  ~ 7 days, 10 km radial distance ~ 7 days, 10 km radial distance
2)2)  ~ 45 days, 100 km radial distance ~ 45 days, 100 km radial distance
3)3)  ~180 days, 1000 km radial distance ~180 days, 1000 km radial distance

•• This talk reviews the results of a two day planningThis talk reviews the results of a two day planning
exercise for option 1exercise for option 1
–– Two teams of four scientists with lunar and fieldTwo teams of four scientists with lunar and field

backgroundsbackgrounds
–– Task: Identify site-specific surface science objectives, thenTask: Identify site-specific surface science objectives, then

design a site exploration strategydesign a site exploration strategy
–– Results presented to Results presented to CxCx members members
–– RecommendationsRecommendations



TECHNICAL CONSTRAINTSTECHNICAL CONSTRAINTS

•• 4 astronauts4 astronauts
•• 2 2 unpressurizedunpressurized rovers rovers
•• 8, 2-person 8, 2-person EVAsEVAs

(8 hours)(8 hours)
•• Maximum Maximum ““walk backwalk back””

distance of 10 kmdistance of 10 km
•• Can exceed maximumCan exceed maximum

distance by using all 4distance by using all 4
astronauts and bothastronauts and both
roversrovers

•• Study areas:Study areas:
–– TsiolkovskiyTsiolkovskiy Crater Crater
–– AlphonsusAlphonsus Crater Crater



STUDY AREASSTUDY AREAS
•• TsiolkovskiyTsiolkovskiy

–– 20 S, 129 E (far side)20 S, 129 E (far side)
–– ~190 km complex crater~190 km complex crater
–– ImbrianImbrian age age
–– Central peakCentral peak
–– Mare fillMare fill

•• AlphonsusAlphonsus
–– 13 S, 357 E (near side)13 S, 357 E (near side)
–– ~ 118 km complex crater~ 118 km complex crater
–– Pre-Pre-ImbrianImbrian age age
–– Central peakCentral peak
–– Central ridgeCentral ridge
–– PyroclasticPyroclastic deposits deposits
–– Floor fracturesFloor fractures
–– Ranger IX impact siteRanger IX impact site



NRC LUNAR SCIENCE CONCEPTSNRC LUNAR SCIENCE CONCEPTS

1.1. Bombardment historyBombardment history
2.2. Structure andStructure and

composition of thecomposition of the
lunar interiorlunar interior

3.3. Structure, composition,Structure, composition,
and variability of theand variability of the
crustcrust

4.4. Volatiles at the polesVolatiles at the poles
5.5. Volcanic historyVolcanic history
6.6. Impact processesImpact processes
7.7. Regolith processesRegolith processes

and weatheringand weathering
8.8. Lunar atmosphere andLunar atmosphere and

dust environmentdust environment



OVERARCHING SCIENTIFIC RATIONALEOVERARCHING SCIENTIFIC RATIONALE
•• Targets:Targets:

1.1. Surface/shallowSurface/shallow
subsurface crustsubsurface crust
materials (cratermaterials (crater
walls, melt sheets)walls, melt sheets)

2.2. Subsurface crustSubsurface crust
materials (centralmaterials (central
peaks)peaks)

3.3. Deep crust/mantleDeep crust/mantle
materials (volcanicmaterials (volcanic
deposits)deposits)

4.4. RegolithRegolith
5.5. Impact cratersImpact craters

•• Both teams chose to landBoth teams chose to land
inside the crater cavityinside the crater cavity



OVERARCHING SCIENTIFIC RATIONALEOVERARCHING SCIENTIFIC RATIONALE
•• Targets:Targets:

1.1. Surface/shallowSurface/shallow
subsurface crustsubsurface crust
materials (crater walls,materials (crater walls,
melt sheets)melt sheets)

2.2. Subsurface crustSubsurface crust
materials (central peaks)materials (central peaks)

3.3. Deep crust/mantleDeep crust/mantle
materials (volcanicmaterials (volcanic
deposits)deposits)

4.4. RegolithRegolith

5.5. Impact cratersImpact craters

•• Objectives:Objectives:
1.1. Reconstruct Reconstruct crustalcrustal  lithologieslithologies, average, average

composition of crust, lateral variabilitycomposition of crust, lateral variability

2.2. Assess lateral and vertical heterogeneityAssess lateral and vertical heterogeneity
of crust, origin of secondary crust (Mg-of crust, origin of secondary crust (Mg-
suite), bulk composition of crustsuite), bulk composition of crust

3.3. Assess heterogeneity of mantle, depthAssess heterogeneity of mantle, depth
of melting, degree of differentiation, lavaof melting, degree of differentiation, lava
flow flow stratigraphystratigraphy, volatile content, volatile content

4.4. Assess regolith formation processes,Assess regolith formation processes,
lateral vs. vertical mixing, lateral vs. vertical mixing, reconstuctreconstuct
farsidefarside  crustalcrustal  lithologieslithologies, exotic, exotic
componentscomponents

5.5. Assess extent of lateral mixing of Assess extent of lateral mixing of ejectaejecta,,
relate surface ages to crater retention,relate surface ages to crater retention,
constrain current impact flux (Ranger IX)constrain current impact flux (Ranger IX)
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TSIOLKOVSKIYTSIOLKOVSKIY



TSIOLKOVSKIYTSIOLKOVSKIY
•• 7 total 7 total EVAsEVAs to to

explore:explore:
–– Higher-Fe meltHigher-Fe melt
–– Lower-Fe meltLower-Fe melt
–– Higher-Fe mareHigher-Fe mare
–– Lower-Fe mareLower-Fe mare
–– Small impactSmall impact

craterscraters
–– RilleRille-like feature-like feature
–– AnorthositicAnorthositic  kipukaskipukas
–– AnorthositicAnorthositic peak peak
–– MaficMafic-bearing-bearing

anorthositicanorthositic peak peak
•• One EVA exceeds 10One EVA exceeds 10

km radius (32 km)km radius (32 km)
•• All other All other EVAsEVAs

< 20 km< 20 km



ALPHONSUSALPHONSUS



ALPHONSUSALPHONSUS

•• 8 total 8 total EVAsEVAs to to
explore:explore:
–– Dark halo cratersDark halo craters

(volatiles)(volatiles)
–– PitsPits
–– Melt sheetMelt sheet
–– Small impactSmall impact

craterscraters
–– Ranger IX impactRanger IX impact

sitesite
–– RegolithRegolith
–– FossaeFossae
–– Highland crustHighland crust

•• Revisit dark haloRevisit dark halo
craters and pits withcraters and pits with
different teamdifferent team

•• All All EVAsEVAs < 22 km < 22 km



•• Basic EVA plans based on primary scientificBasic EVA plans based on primary scientific
objectives objectives andand dependent on testable hypotheses dependent on testable hypotheses
assessed in real time in the fieldassessed in real time in the field

•• Requires flexibilityRequires flexibility
–– EVA plans adjusted based on results of earlier fieldEVA plans adjusted based on results of earlier field

workwork
–– This concept was employed by both planning teamsThis concept was employed by both planning teams

TESTABLE HYPOTHESESTESTABLE HYPOTHESES



TESTABLE HYPOTHESES: TSIOLKOVSKIYTESTABLE HYPOTHESES: TSIOLKOVSKIY

•• Primary Objective:Primary Objective:
Determine origin of Determine origin of rillerille
−− Traverse entire Traverse entire rillerille

lengthlength
−− Examine bedrock andExamine bedrock and

stratigraphicstratigraphic contacts contacts
•• Secondary:Secondary:

−− Assess nature of smallAssess nature of small
highland highland kipukakipuka

−− Characterize low craterCharacterize low crater
density area and maredensity area and mare
stratigraphystratigraphy

•• Secondary objectivesSecondary objectives
dependent on initialdependent on initial
assessment of assessment of rillerille from from
western scarpwestern scarp



TESTABLE HYPOTHESES: ALPHONSUSTESTABLE HYPOTHESES: ALPHONSUS
•• Primary Objective 1: AssessPrimary Objective 1: Assess

nature of volcanism related tonature of volcanism related to
pyroclasticspyroclastics and pits and pits
−− Examine and sample darkExamine and sample dark

mantle depositsmantle deposits
−− Examine and sampleExamine and sample

interior walls of pitsinterior walls of pits
−− Examine and sample Examine and sample fossaefossae

•• Primary Objective 2: AssessPrimary Objective 2: Assess
lunar composition and evolutionlunar composition and evolution
modelsmodels
−− Sample mantle material inSample mantle material in

form of form of pyroclasticspyroclastics and and
possibly effusive possibly effusive volcanicsvolcanics

−− Sample highland Sample highland crustalcrustal
materialsmaterials

•• Second visit by second teamSecond visit by second team
allows follow up and new eyesallows follow up and new eyes



•• Sampling documentation strategy:Sampling documentation strategy:
–– Collect UV-VIS-NIR spectra and Collect UV-VIS-NIR spectra and multispectralmultispectral context context

image for each sample site.image for each sample site.
•• For each site, collect bulk/scoop, rake, drive tube.For each site, collect bulk/scoop, rake, drive tube.
•• Drag line and rake for sampling over steep slopes.Drag line and rake for sampling over steep slopes.
•• Other sampling as Apollo 17Other sampling as Apollo 17..
•• Conduct LRV Conduct LRV sampling at predetermined intervals

(or selected areas of interest) to collect regolith.
•• Reconnaissance and some sampling carried outReconnaissance and some sampling carried out

by robotic assistant/precursor => saves EVA timeby robotic assistant/precursor => saves EVA time
and enhances overall scientific return.and enhances overall scientific return.

SAMPLING STRATEGYSAMPLING STRATEGY



•• Robotic mission designed as precursor Robotic mission designed as precursor andand follow up is follow up is
fundamental to maximize success of human mission.fundamental to maximize success of human mission.
–– Hazard assessment & scientific analysesHazard assessment & scientific analyses

•• Flexible EVA plansFlexible EVA plans
•• Mass of returned samples estimated at ~300 kg for 7-dayMass of returned samples estimated at ~300 kg for 7-day

sortie mission (based on Apollo 17 sampling); requires updatesortie mission (based on Apollo 17 sampling); requires update
of engineering plan.of engineering plan.

•• Enable scientific investigations with field instruments:Enable scientific investigations with field instruments:
–– Digital Digital handlenshandlens
–– Spectral camerasSpectral cameras
–– Handheld geochemical analysis toolsHandheld geochemical analysis tools
–– Ground penetrating radarGround penetrating radar

• Deploy network or instrument station sites.
– e.g. Geophones, seismic sources, surface magnetometers

•• Continued support for ongoing efforts to geo-referenceContinued support for ongoing efforts to geo-reference
uncontrolled data sets.uncontrolled data sets.

RECOMMENDATIONSRECOMMENDATIONS


